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SUMMARY

This study was necessitated by various environmental legislation,
acts, and regulations, including the National Environmental Policy
Act (NEPA) of 1969 (Public Law 91-190); Executive Order 11514,
"Protection and Enhancement of Environmental Quality,'" 1970; Section 122
of the River and Harbor and Flood Control Act of 1970 (Public Law 91-611);
the Council on Environmental Quality, "Guidelines for Statements

on Proposed Federal Actions Affecting the Environment," 1973; and the

o R Yt

Water Resources Council, "Principles and Standards for Planning Water
and Related Land Resources,'" 1973 (Principles and Standards); and the
desire of the U. S. Army Corps of Engineers to conduct systematic and
comprehensive environmental planning. In essence, these legislations,
acts, and regulations established general but firm requirements for the

Corps and other Federal agencies to conduct studies of the environmental,

ks el Ly % e DN Al Al Ve

social, and economic effects of proposed activities at a level of detail

L

adequate to affect the decisionmaking process.
The objectives of this study are to

a. Conduct a comprehensive review and evaluation of major

impact methodologies, particularly those that have been
developed for-or_.have potential application to water re-
sources programs.

St L

|o*

Develop an assessment methodology consistent with NEPA,
Principles and Standards, and Corps Engineer Regulations

] that can be used by Corps planners for assessing alterna-
tives and evaluating water resources programs and projects.

c. Conduct several field tests using the methodology to
J determine overall utility and practicability. ;

1 d. Prepare and conduct a training course for water resources
; planners relative to the application and implementation of
% this methodology.

Objectives a and b have been accomplished and the results are presented
herein. The remaining objectives will be addressed at a later date.

During this study, 54 assessment methodologies were reviewed and |

1 l evaluated by a planning team composed of personnel from the Office, {
Chief of Engineers; the Lower Mississippi Valley Division; the

Jacksonville, Sacramento, Tulsa, and Vicksburg Districts; the U. S. Army
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Engineer Waterways Experiment Station; the U. S. Bureau of Reclamation;
and two private consultants to determine their utility or potential
applicability for water resources projects. Final screening revealed
that none of the methodologies entirely satisfied the needs and/or re-
quirements of Corps activities, although several methods contained
salient features that were considered by the planning team as important
for Corps assessment and evaluation. These features include the concepts

of impact weighting and scaling, appropriate impact summarization and

presentation techniques, and lists of variables.
Impact assessment includes consideration of the importance of each

variable affected and the probable absolute or relative impacts of al-

Aa a® al s

ternatives on each variable. Weighting involves the assignment of im-
portance to impacted variables, and scaling includes the approaches used
to address the absolute or relative impacts of alternatives. The

weighted rankings technique is the procedure used in the water resources

e

assessment methodology (WRAM) for assigning importance weights; weighted
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rankings, functional graphs, or linear proportioning is used for scaling,
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depending on available.data and technology.

The essential components of WRAM are

I. Selection and Familiarization of Interdisciplinary
Team

II. Selection of Assessment Variables and Environmental
Inventory

] ITI. Impact Prediction, Assessment, and Evaluation

IV. Documentation of Results

In the presentation of any such methodology, the claims of a "new"

comprehensive approach should not be exaggerated nor existing limita- h

P SRy

tions for application be underestimated. Many of the components of
& WRAM have been used before. In addition, limitations in the present
state of the art of variable measurement and impact assessment and pre-

diction preclude the level of objective, analytical evaluation that is

often desired. However, the dynamic character of WRAM will allow in-

corporation of new information and technology as they become available.
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Specific recommendations for related research activities identified
by, but not a part of, this study include the development of (a) function
graphs and (b) techniques for predicting probable changes in variables

f as a result of implementing alternatives.
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PREFACE

This research, Evaluation of Environmental Assessment Techniques,
Work Unit CWIS 31443, was conducted under the Civil Works Environmental
Impact Research Program. This interim report presents conclusions based
on review and evaluation of major impact methodologies, particularly those
that have been developed for or have potential application for water
resources programs, and develops an assessment methodology (WRAM) that
can be used to assess impacts and evaluate alternatives for water resources
programs and projects. Additional goals of this study, not addressed in
this report, will be to (a) develop a statistical analysis component to
test for significant differences between and among alternatives (FY 77);
(b) conduct a rigorous field testing program (FY 77-78); (c) develop a
computer program to assist with mathematical computations (FY 78);

(d) continue interagency coordination (FY 77-78); and (e) develop and
conduct a training program for potential users (FY 78-79).

The portion of the study reported herein was conducted during the
period June 1975-December 1976 by an interdisciplinary study team from
the Environmental Effects Laboratory (EEL), U. S. Army Engineer Waterways
Experiment Station (WES), and two consultants, with overall guidance
provided by a planning team. The study team was' composed of and the
-report prepared by Messrs. R. Charles Solomon, Billy K. Colbert, and
William J. Hansen, and Ms. Sue E. Richardson, EEL; and Drs. Larry W.
Canter, University of Oklahoma, and Evan C. Vlachos, Colorado State
University. The planning team was composed of Messrs. Jack R. Bernard
and Fred J. Kindel, Sacramento District; John B. Bushman and Richard L.
Makinen, Office, Chief of Engineers (OCE); James R. Chambers, H. Tom
Holland, and Norwin E. Johnson, Lower Mississippi Valley Division;
Rudolph A. Nyc, Jacksonville District; Ernest E. Parks, Jr., Vicksburg
District; James Randolph, Tulsa District; George H. Wallen, Bureau of
Reclamation; Drs. Rex L. Eley, Walter B. Gallaher, Luther F. Holloway,
and Conrad J. Kirby, EEL; Messrs. Solomon, Colbert, and Hansen;

Ms. Richardson; and Drs. Canter and Vlachos. Additionally, the study was

coordinated with the U. S. Environmental Protection Agency, Department
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of the Interior, Department of Housing and Urban Development, Council
on Environmental Quality, and National Science Foundation.

The constructive criticisms and helpful comments prepared by the
members of the planning team and Drs. Al Schaffer, Sociology Department,
Texas A&M University; Patricia K. Guseman, Texas Transportation Institute,
Texas A&M; and Fred W. Grupp, Sociology Department, University of
Connecticut; and Messrs. Glenn Loomis and Gerry Lowry, Soil Conservation
Service, Washington, D. C., are gratefully acknowledged.

This study was performed under the general direction of Drs. John
Harrison, Chief, EEL, and Conrad J. Kirby, Chief, Environmental Resources
Division, EEL. Mr. John Bushman, OCE, was technical monitor.

COL G. H. Hilt, CE, and COL J. L. Cannon, CE, were Directors of

WES during the study. Technical Director was Mr. F. R. Brown.
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CONVERSION FACTORS, METRIC (SI) TO U. S. CUSTOMARY AND
U. S. CUSTOMARY TO METRIC (SI) UNITS OF MEASUREMENT

Units of measurement used in this report can be converted as follows:

Multiply By To Obtain

Metric (SI) to U. S. Customary

microns 0.003280839 feet

metres 3.280839 feet

kilometres 0.6213711 miles (U. S. statute)

square kilometres 0.3861021 square miles (U. S.

statute)

micrograms per cubic 0.000133526 x 10-6 ounces (mass) per gal-
metre lon (U. S. liquid)

milligrams per litre 0.0000083 pounds (mass) per gallon

(U. S. liquid)

Kelvins or 9/5 Fahrenheit degrees*
Celsius degrees

U. S. Customary to Metric (ST)

feet 0.3048 metres

miles (U. S. statute) 1.609344 kilometres
acres 4046.556 square metres
tons 907.1847 kilograms

* To obtain Fahrenheit (F) temperature readings from Celsius (C) read-
ings, use the following formula: F = 9/5(C) + 32. To obtain Fahren-
heit readings from Kelvins (K), use: F = 9/5(K - 273.15) + 32.
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WATER RESOURCES ASSESSMENT METHODOLOGY (WRAM)--
IMPACT ASSESSMENT AND ALTERNATIVE EVALUATION

PART 1: INTRODUCTION

Background for Impact Assessment

Legislation and regulations

1. Prior to the enactment of the National Environmental Policy
Act (NEPA) of 1969 (Public Law (PL) 91-190), projects under the direction
of the U. S. Army Corps of Engineers, the U. S. Forest Service, and
several other Federal agencies were controlled by internal regulations
and/or policy requirements that resulted in an impact survey, assessment
document, base survey, or similar review for each project. The purpose
of such reviews was to delineate changes in land use, resource develop-
ment, or resource management. Generally, the resulting report was not
provided to other Federal agencies or the public for formal review.
However, with increased public interest in the environment and resource
protection in the late 1960's, Congress passed NEPA. The primary
importance of this act was the establishment of a broad national policy
directing Federal agencies to maintain and preserve environmental quali-
ty.

2. The most significant feature of NEPA is the requirement for an
environmental impact statement (Section 102(2)(c)). This section re-
quires all Federal agencies and officials to (a) direct their policies,
plans, and programs to protect and enhance environmental quality;

{(b) view their actions in a manner that will encourage productive and
enjoyable harmony between man and his environment; (c) promote efforts
that will minimize or eliminate adverse effects to the environment and
stimulate the health and well-being of man; (d) promote the understanding
of ecological systems and natural resources important to the Nation;

(e) use a systematic and interdisciplinary approach that integrates the
ecological, social, cultural, and economic factors in planning and

decisionmaking; (f) study, develop, and describe alternative actions
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that will avoid or minimize adverse impacts; and (g) evaluate the
short- and long-term impacts of proposed actions.

3. NEPA also established the Council on Environmental Quality (CEQ),
one of the functions of which is to issue guidelines for preparing en-
vironmental impact statements. All Federal agencies, in consultation
with CEQ, are required to develop their own internal instructions or
regulations for implementing NEPA.

4, Subsequent legislation in Section 122 of the River and Harbor
and Flood Control Act of 1970 (PL 91-611) directed the Corps to promul-
gate guidelines designed to ensure that possible adverse economic,
social, and environmental effects related to flood control, navigation,
and associated plans were considered during plan formulation. An effects
assessment report, required in response to this legislation, parallels
and is concurrent with plan formulation and is used as input to the
environmental impact statement.

5. After the effective date of NEPA (1 January 1970), the Corps of
Engineers along with other Federal agencies was required to prepare en-
vironmental impact statements on a backlog of projects in various stages
of planning, design, construction, and operation. The compilation of
required information in sufficient detail to affect the decisionmaking
process, however, requires qualified personnel, time, and money.
Initially, the personnel, time, and funds required to process this back-
log of projects were not available to Federal agencies. Consequently,
environmental impact statements prepared by most Federal agencies during
1970 and 1971, in the absence of specific guidance by Congress or CEQ,
were very brief; did not adequately describe the environmental impacts
of proposed projects, especially secondary and cumulative impacts; did
not adequately address a wide spectrum of alternatives and their various
impacts; and did not actively seek public participation.

6. Subsequent to NEPA and Section 122 of PL 91-611, a broad and com-
prehensive regulation, "Principles and Standards for Planning Water and

Related Land Resources,"

hereafter referred to as Principles and Stan-
dards, was developed by the Water Resources Council (Water Resources

Council 1973). Principles and Standards was developed to promote the

10
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quality of life by reflecting society's preferences for enhancing both
national economic development and the quality of the environment. The
"Principles" provide a broad policy framework for planning activities,
and- the "Standards" provide operational criteria for achieving uniformity
and consistency in comparing, measuring, and judging beneficial and ad-
verse effects of alternatives. Principles and Standards applies specifi-
cally to all Corps Civil Works projects and to all other Federal agency
projects related to planning, developing, and managing water or related
land resources.

7. 1In response to the planning requirements developed by the Water
Resources Council, the Corps has developed the Engineer Regulation
(ER) 1105-2-200 series to establish internal guidance for conducting
feasibility studies for water and related land resources, and the
ER 1105-2-421 series to clarify environmental quality factors that should
be taken into consideration during planning.

Need for methodologies

8. Water resources programs and projects, like all Civil Works
projects, are very broad and frequently highly complex from the stand-
point of the diverse biological, chemical, physical, social, cultural,
and economic factors that may be affected. Consequently, evaluation of
the effects of water resources projects on the environment is complicated
and should be approached systematically. These complexities mandate a
flexible assessment approach or methodology rather than a rigidly struc-
tured system that would inhibit the application of knowledge and the
exercising of professional judgment by Corps field personnel.

9. One important purpose of an impact methodology is to ensure that
all assessment variables that need to be considered (as determined by
the planning team, internal regulations, State or Federal laws, or con-
cerned citizens groups) are included in impact analysis, assessment, and
evaluation. Ideally, a methodology should provide a means of identi-
fying data needs and determining priorities for allocating resources.

An environmental assessment method should also provide a framework for
evaluating alternative plans on a comparable basis. Finally, method-

ologies should be useful in evaluating the effectiveness of mitigation

il
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measures, in considering trade-offs among alternative actions, and in
formulating additional alternatives.

10. Federal agencies, universities, and private consultants have
developed numerous environmental impact assessment methodologies since
1970. Despite these developments, there are no universally acceptable
techniques or procedures for conducting impact assessments because of
the high diversity of types of projects, the particularities of each
situation, and changing sociocultural conditions. However, there are
features of various assessment methodologies that, if used, would enhance
the conduct of environmental assessment.

11. The Water Resources Council has recognized the need for
planning tools and for research to increase the efficiency of planning
efforts. According to Principles and Standards, ''The Council will en-
courage and support needed improvements in the application of the con-
ceptual and theoretical planning and decisionmaking framework upon which
these Principles are based'" (Water Resources Council 1973).

Environmental assessment in planning

12. The overall objective of the Corps' planning framework, based
on the legal requirements discussed previously, is to develop plans for
the conservation, development, and wise management of water and related
land resources. Information must be obtained, often from detailed field
reconnaissance, before decisions can be made concerning wise resource
management under existing and projected conditions. If the Corps is
to be responsive not only to the letter but to the intent of current
legislative and administrative mandates, it is paramount that environ-
mental studies become an integral part of the Corps' planning process
and that environmental impact assessments be prepared simultaneously
with and in comparable detail to engineering and economic studies.

13. The general planning process as outlined in ER 1105-2-200
consists of three planning stages: Stage 1, development of a plan of
study; Stage 2, intermediate plans; and Stage 3, detailed plans; and
four functional planning tasks: (a) problem identification, (b) formu-
lation of alternatives, (c) impact assessment, and (d) evaluation. The

four planning tasks are undertaken during each stage; however, the
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emphasis on the task varies (e.g., problem identification is of greatest
concern in developing the plan of study, but is of lesser importance in
developing intermediate and detailed plans). Environmental assessment
and evaluation are predominant tasks in Stages 2 and 3.

1l4. The three planning stages provide for an orderly analysis in
which the development of increasingly detailed data and alternative plans
is accomplished during each subsequent stage. In the final stage,
precisely defined concepts of resource management that have been devel-
oped into specific detailed plans are presented. This process is shown

in Figure 1.

Purpose and Scope

15. The purposes of this study are to

a. Conduct a comprehensive review and evaluation of major
impact methodologies, particularly those that have been
developed for or have potential application for water
resources programs.

Develop a flexible assessment methodology, consistent with
NEPA, Principles and Standards, and Corps ER's (Appendix A),
that can be used by Corps planners for assessing alterna-
tives and evaluating water resources programs and projects.

|o

16. Additional objectives of this research, to be developed in
future studies but not addressed in this report, are to

a. Conduct several field tests using the methodology to
determine overall utility and practicability.

b. Prepare and conduct a training course for water resources
planners relative to the application and implementation of
this methodology.

17. Due to the nature of the problem, the scope of this study is
necessarily general. The report is designed as a guideline for assessing
impacts and evaluating alternatives in planning tasks (c) and (d) of the
three planning stages. The water resources assessment methodology (WRAM)
provides a framework that will permit a systematic approach to planning
consistent with the requirements of the Principles and Standards and
Corps' regulations. It has been developed on the premise that it will

be used at the operational level for Corps Civil Works projects.
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PART II: EVALUATION OF EXISTING ENVIRONMENTAL
ASSESSMENT METHODOLOGIES

Types of Methodologies

18. Most methods of environmental impact assessment can be divided
into two major groups: checklist methods and matrices. Remaining
methodologies can be categorized as ad hoc procedures, overlay methods,
or network methods.

Checklist methods

19. Checklist methods list variables and potential impacts typi-
cally associated with particular categories of projects. Users of check-
lists select variables from a master list and evaluate impacts that are
expected to result from a variety of alternatives.

a. Simple checklists include a list of variables and potential
impacts; however, no guidelines are provided on how these
variables and impacts are to be measured or interpreted.

Descriptive checklists are more informative in that they
include an identification of variables and potential
impacts and provide guidelines on how these items are to be
measured.

jo

Scaling checklists, which are similar to descriptive check-
lists, provide additional techniques necessary to determine
the absolute or relative measures of impacts.

[e]

d. Weighting-scaling checklists provide techniques for scaling
impacts and assigning relative importance weights to each
variable.

Matrix methods

20. Matrix approaches incorporate a list of project activities in
addition to a checklist of potential impacts. These two lists are re-
lated in a matrix that identifies relationships between activities and
impacts.

a. A simple matrix approach to impact assessment is based on a
two-dimensional checklist of project activities and potential
environmental impacts.

The scaling matrix can be used to indicate magnitude and im-
portance of each impact.

I

c. The stepped matrix approach can be used to indicate secondary

15
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and interrelated impacts. For example, if it can be shown that
a project action will impact a specific variable, that variable
can then be analyzed to document the influence of projected
changes of the variable on other variables being considered.

This concept provides a method for identifying cross-impacts
and interactive effects.

Evaluation of Methodologies

T SO

21. Many basic frameworks for environmental impact assessment

] methodologies have been developed since the enactment of NEPA; however,
most were developed to address specific project problems (e.g., Walton

and Lewis 1971 and Arthur D. Little, Inc., 1971 addressed the impacts of

transportation). Many of these methodologies have been categorized ac-

cording to various characteristics and evaluated against certain reviewer-

specified criteria. The most comprehensive reviews are those conducted

by Drobney and Smith 1973, Warner and Preston 1974, Jain and Urban 1975,
and Canter 1977.

il N o R A AT

Selecting a water resources
planning methodology

22,

During this study, an intensive literature review was made by 3
the U. S. Army Engineer Waterways Experiment Station (WES) study team 1

to identify existing methodologies and determine if any could directly ‘i

e

serve as an assessment methodology for water resources projects. Ini-
tially, two general characteristics, (a) previous application to water
resources projects and (b) potential application to water resources
projects, were established for evaluating 54 environmental impact method-
? ologies (Appendix B). A total of 21 methodologies met one or the other
of these characteristics. Secondly, 19 desirable characteristics

(listed in Appendix B) were developed for intermediate screening, by

which 8 of the remaining 21 methodologies were identified as having

B

‘ sufficient desirable characteristics to warrant further evaluation.

Finally, seven criteria (listed in paragraph 23) were used for final

ts screening. These seven are considered essential for a Corps assessment

| methodology. Figure 2 illustrates the screening procedure that was
- § followed.

i - il s i b
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NO METHODOLOGY
SATISFIED ALL
7 CRITERIA

Figure 2. Screening of environmental
impact assessment methodologies

Final screening criteria

23. The seven final screening criteria are described as follows:

a.

|

C.

Responsive to Principles and Standards. The methodology
should be responsive to the planning concepts and system
of accounts as delineated in Principles and Standards.

Comprehensive. The methodology should address the various
impacts of water resources projects and programs on the
physical-chemical, biological, cultural, and socioeconomic
environments. The methodology should encompass all po-
tential beneficial and detrimental impacts. It should also
highlight key issues or allow special emphasis on factors
of national, state, or local importance (e.g., threatened
or endangered species, historic landmarks, and archaeologi-
cal sites) or factors of intense public concern or contro-
versy.

Dynamic. The methodology should be dynamic in terms of the
variables considered and the technology used for impact
identification, prediction, and assessment. It should be
capable of including additional variables and incorporating
additional measurement and predictive techniques as tech-
nology becomes available.
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Flexible. The methodology should be responsive to the
varying nature, size, and scope of Corps Civil Works proj-
ects and programs. Additionally, it must be functional in
various regions throughout the United States. Since the
effectiveness of impact assessment is directly related to
the composite professional judgment of the interdiscipli-
nary team performing the study, it is necessary to use a
methodology that is directed toward incorporation of this
composite approach and judgment.

|0

Objective. The methodology should stress objective analyses
of impacts. Baseline conditions should be quantified for
variables considered, and changes in each variable that
would result from implementation of each alternative plan
and the no-action alternative should be predicted. However,
lack of measurement techniques and/or predictive technolo-
gies for many variables currently precludes total achieve-
ment of this goal. In fact, measurement and prediction
practices generally dictate a combination of objective

' analyses and subjective evaluations.

)

Implementable. The methodology must be implementable at the
i field level and straightforward in approach. It must not

{ be overly complex, or lack descriptions of its application

' or interpretation of results. Impact assessment must be
able to be accomplished within manpower, funding, and time
constraints of Corps Districts.

The methodology must provide a sufficient framework so that
different interdisciplinary teams using the methodology for
the same study will arrive at the same conclusions with
regard to the evaluation of the alternatives examined.

b
; g. Replicable. The results achieved should be replicable.
{

Methodologies selected

24, The following eight methodologies were subjected to the final
screening:

a. The Battelle Environmental Evaluation System (Dee et al.
1972).

b. The Tulsa District method (U. S. Army Engineer District,
Talga, 19/2)%

The Multiagency Task Force method (Bureau of Reclamation
1972).

The Environmental Impact Center method (Environmental
Impact Center, Inc., 1973).

o ETIRETN VO TOTROA LLAE D o S i
e o

The Battelle Water Resources Project method (Battelle-
Columbus Laboratories 1974a).

|®
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f. The Battelle Dredging Assessment method (Battelle-Columbus
Laboratories 1974b).

g. The Lower Mississippi Valley Division method (U. S. Army
Engineer Division, Lower Mississippi Valley, 1976).

h. The Soil Conservation Service Guide to Environmental
Assessment (Soil Conservation Service 1974).

Salient features

25. None of the eight methodologies entirely satisfied all seven
criteria used in the final screening procedure. However, each method-
ology contained salient features that were considered important for
Corps environmental assessment. These features included the concepts
of impact weighting and scaling, appropriate impact summarization and
presentation, and extensive lists of variables. Table 1 summarizes the j
characteristics and salient features of each of these eight methodolo- '
gies. The concepts basic to these features are developed and described

in Part III of this report.
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PART ITII: ENVIRONMENTAL ASSESSMENT METHODOLOGY

26. In the immediate future, field testing and review comments will
be used to revise the present WRAM framework for potential implementa-
tion as part of the Corps' planning process. Even with implementation,
WRAM will be evolutionary as field applications, additional reviews, and
improvements in the state of the art of impact modeling, prediction, and

assessment result in appropriate revisions.

Weighting-Scaling Technique

27. Impact assessment includes consideration of the importance of
each impacted variable and the absolute or relative impacts of alterna-
tives on each variable. Weighting involves the assignment of importance
to impacted variables, and scaling includes the approaches used to re-
flect absolute or relative impacts of alternatives. The principles of
the weighting-scaling technique used in this methodology have been
described by Dean and Nishry (1965).

Weighting
28. An example is presented in the following tabulation to illus-

trate the weighting procedure. Six hypothetical impacted variables are

| Variable | ctein e S8 LSS b __Assignment of Importance Values e e Sum 1
vi [ il 6 | 6| i ‘ I ‘ | ! { | 3.0 | 014
v2 1 TR (TR I 720 (1 i |
Vi 0 0 0.5| 0 |0.5] 1 2.0 .09
V4 0 0.5 0.5 0.5 | 0 1
VS 1 0.5 Ll 0.5 1 1 5.0 ). 24
ve 1 o | | 0.5 1 0 1 aus 1
v? o 0 0 0 0 0 0.0

(Dummy )
| | HOREES, ISR SR SRR ¥ amlieoes (M o totlese (0, Ui o nl i | 4
Total 21.0* Jowx
ety SRl Y S = Rl ISt i A 4 i
#Check: M8 =L AR ) SR SO
**Must sum to unity
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shown along with a dummy variable. The dummy variable, which by defini-
tion has no relative impact, is included to preclude any impacted varia-
ble from being assigned a value of zero (no relative importance). Each
variable in the example is compared with every other variable in order
to determine which of each pair is considered to be the most important
for the study area. The variable considered to be more important is
assigned a value of one, and a value of zero is assigned to the other.
If a decision cannot be made regarding relative importance, or if both
variables are considered to be of equal importance, a value of 0.5 is
assigned to each.

29. The columns in the tabulation under the heading "Assignment of
Importance Values'" represent the results of the variable-by-variable
comparisons. The assigned values for each variable are summed, and each
sum is divided by the total of all assigned values, 21, to determine the
relative importance coefficient (RIC). Two checks concerning the ac-
curacy of the mathematical calculations can be made using the totals in
the tabulation: the sum column should total to N(N-1)/2 , where N is
equal to the number of variables considered (including the dummy); and
the RIC column should total to unity.

30. The RIC column in the tabulation shows the ranking of each
variable considered. The dummy variable is zero (no priority) by defini-
tion, and the ordering of the remaining six, from highest to lowest pri-
ority, is V2 and V5, V6, V1, V4, and V3.

Scaling

31. An example of the use of the weighted rankings technique for
impact scaling is shown in Table 2. The impacts of four alternative
plans on Variable X are to be scaled. The predicted impacts as shown
can be described in absolute (quantitative) or relative (qualitative)
terms, with relative values shown for illustration. The procedure in-
volves simply deciding which of two plans at a time would have the most
beneficial impact on Variable X. A value of 1 is assigned to the more
desirable of the pair, and the less desirable is assigned a zero. If
two plans have similar impacts, a value of 0.5 is assigned to each. The

columns under the heading '"Choice Assignment' represent the results of

23
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Table 2

Scaling of Impacts on Variable X Using
Weighted Rankings Technique

Problem

; - : 3 . |
The impacts of five alternatives on Variable X have been predicted

to be as follows: {

Alternative Predicted Impact

No Action Beneficial
Plan A Beneficial
Plan B Most beneficial
Plan C Detrimental
Plan D Most detrimental
Determine scaled values using weighted rankings technique.
Solution
Choice 5
Alternative Choice Assignment Total |ACC | {
No Action 0 il 1 2.5 .25 {
A 0.5 0|1 il 2.5 0.25I
B 1 1 . 1 1 4 0.40
(& 0 0 ! 0 ik 0.10
D 0 o ool o |o.00
bod
10 1.00
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the step-by-step pairwise comparisons. Plan B, with an alternative
choice coefficient (ACC) of 0.4, would be the most beneficial alterna-
tive considering the potential impacts on Variable X.

32. Impact scaling can also be accomplished either through the use
of functional curves or the use of a linear scaling technique. These two
techniques will be sub~equently discussed as a part of the assessment
methodology.

Display of results

33. The results of the weighting-scaling technique are displayed in
a final coefficient matrix. An example of the final coefficient matrix
listing the RIC's for five variables and ACC's for four alternatives is

shown in the following tabulation. The final coefficient matrix

Final
Coefficient Matrix
ACC of Alternative RIC X ACC

Variable RIC A B € D A B C D
V1 0.20 0:25 | 0.25 |0.40 |0.10 }0.05 | 005 | 0.08 |0.02

V2 0.40 0:33 | 0.00 10.17 | 0.50 | 0.13 | 0.00 [ 0.07 }0.20

V3 0.10 0.30(0.30 |{0.20|0.20 {0.03 [{0.03 |0.02 |0.02

V4 0.20 0.30( 0.30 {0.30 | 0.10 | 0.06 | 0.06 | 0.06 [0.02

V5 0.10 0.50 | 0.17 10.33 | 0,00 | .05 | 6.02 | 0.03 {0.00
Total 0.32 | 0.16 | 0.26 [0.26

represents a display of the products of RIC's and ACC's of each alterna-
tive for each variable under consideration. Summation of the individual
values as shown in the final coefficient matrix leads to the identifica-
tion of the most beneficial alternative. In the example shown in the
tabulation, Alternative A would be the most desirable, and Alternative C
or D would be the second choice. Alternative A has a value of 0.32, and
Alternatives C and D each have a value of 0.26.

34. The principles of the weighting-scaling technique as described

in paragraphs 28-33 are used in the various steps of WRAM described in

the following section.

, . i ioalac . i hb . |
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Components of WRAM

35. Figure 3 illustrates the basic components of WRAM, and Table 3

. lists specific steps associated with each component. WRAM should be

ASSEMBLE INTERDISCIPLINARY TEAM.

il

r

l IDENTIFY ASSESSMENT VARIABLES,
!_ SELECT THOSE TO BE EVALUATED, L_
AND AGGREGATE BASELINE
INFORMATION ON EACH.

j

PREDICT CHANGES AND ASSESS
POTENTIAL IMPACTS ON SELECTED
VARIABLES AND EVALUATE
ALTERNATIVES.

- T - AL

e

el bl o

A

!
DOCUMENT RESULTS OF ASSESSMENT.

g — W

— — — POSSIBLE ITERATIONS
Figure 3. Components of assessment methodology
used by following the individual steps associated with each component

4 in the order presented in Table 3. Several iterations of these steps

) will generally be required during each planning stage. The dashed lines

in Figure 3 illustrate possible iterations.

36. WRAM is not a panacea for identifying, predicting, assess-

B

ing, and evaluating the impacts of alternative water resources develop-
ment plans. It is currently impossible to develop a detailed method-

ology that will meet the unique needs for every study in every geographic

E

location within the jurisdiction of the Corps of Engineers. WRAM,

as is true for all other methodologies, is not a substitute for the

professional judgment of decisionmakers, nor is it intended to be

26
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Table 3

Components of WRAM

I. Interdisciplinary Team

A. Selection
1. Select members of interdisciplinary team.
2. Designate team leader.
B. Review and Familiarization
1. Review study area history.
2, Visit study area.

II. Assessment Variables

A. Selection
1. Assemble list of mandatory* or critical** variables for each of the four
national accounts (EQ, NED, SWB, and RD).ft
2. Use criteria questions or weighting portion of weighted rankings technique,
along with professional judgment, to select additional relevant variables.
3. Identify any resulting interactive or cross-impact variables or categories.
B. Environmental Inventory
1. Assemble extant baseline data for selected variables.
2. Identify variables with data deficiencies.
3. Use weighted rankings technique and other criteria to allocate manpower and
funding resources to data collection effort.
4., Conduct field studies or assemble information on data-deficient input
variables.

i sk ard LS L AR i K

III. Impact Prediction, Assessment, and Evaluation

A. Prediction and Delineation
1. Predict changes in each variable for each alternative plan and the no-
action alternative using available techniques and/or professional
judgment.
2. Delineate potential impacts of alternatives.
3. Highlight significant impacts and "red flag" any critical issues.
B. Weighting and Scaling
1. Use weighted rankings technique to determine relative importance
coefficients (RIC) for each variable.
2. Scale predicted impacts through development of alternative choice coeffi-
i cients (ACC) or use of function graphs or linear scaling.
C. Evaluation and Interpretation of Results
1. Multiply RIC's by ACC's to obtain final coefficient matrix. Sum coeffi-
cient values for each alternative.
1 2. Use values in final coefficient matrix as basis for description of
impacts of alternatives and trade-offs between alternatives.
3. Discuss any critical issues and predicted impacts.

e el ot i A

IV. Documentation of Results

A K

e

A. Rationale
1. Describe rationale for selection of decision variables.
2. Describe procedure for impact identification and prediction, and ration-
ale for weighting, scaling, and interpreting results.
B. Referencing of Sources of Information
C. Decision on Environmental Impact Statement

e

* Mandatory = variables required by legislation or regulations.
*% Critical = variables that are not mandatory but usually impacted by water resources
projects.

+ EQ = Environmental Quality
NED = National Economic Development
SWB = Social Well-Being

RD = Regional Development
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the only decisionmaking tool; however, WRAM can aid the decisionmaking
process by providing a systematic framework for an interdisciplinary as-
sessment of the impacts of water rescurces management alternatives. Al-
though WRAM is presented primarily for use by the Corps in its water
resources management program, it does have general applicability to other
resource management agencies and programs.

Interdisciplinary team

37. Effective implementation of WRAM requires an interdisciplinary
team approach. As a minimum, the team should include representatives
from the disciplines of ecology, economics, engineering, and sociology/
anthropology. District specialists representing the required disciplines
include environmental plunners, biologists, economists, engineers, soci-
ologists, and outdoor recreation planners. If specialists from each
discipline are not available from District staffs, qualified representa-
tives from coordinating agencies, local colleges or universities, private
consultants, or the interested public could be used as team participants.
It is advisable that each team member be sensitive to the other disci-
plines involved and supportive of the interdisciplinary approach to
impact assessment.

38. One member of the interdisciplinary team should be designated
as team leader with the overall responsibility for planning and coor-
dinating the specific environmental assessment study and documenting
the findings. The team leader should have practical knowledge of impact
assessment, sensitivity to the questions and approaches of other disci-
plines, and management and leadership capabilities.

39. All team members should be familiar with WRAM, Principles and
Standards, CEQ guidelines, Corps planning regulations, and a variety of
legislative and agency guidelines that establish the requirements for
planning efforts. Effective planning also requires familiarity with the
environmental conditions and public preferences within the study area.
Accordingly, periodic trips by members of the interdisciplinary team to
establish sensitivity to the study area are required to develop and
maintain an understanding of changing conditions and preferences.

40. It is recognized that the composition and leadership of the
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interdisciplinary team may change over the multiple stages in project

planning. Additions to or changes in team membership should be con-

L sidered as more detailed investigations and plans result in identifica-
tion of critical problem areas outside the expertise of existing team

E members. Although participation by personnel from all of the disciplines
- involved in the planning effort will be included in the assessment
process, continuous participation of all team members is not required
throughout each planning stage. Therefore, the dynamic nature of the
team and the work efforts make it imperative that detailed records and

documentation be kept throughout the planning effort.

R

Assessment variables

41. Selection. No single '"best'" list of important assessment

SR

3 variables can be developed that would be applicable to all water re-

sources development studies. A general categorization that can provide

direction to the planning effort in identifying and describing environ-
mental characteristics and conditions is presented in this section.
Additional discussion on the selection of assessment variables is pre-
sented in Appendix C. Principles and Standards requires that signifi-

cant impacts of a proposed action on the environment be measured and the

PRI S YO

results displayed, or accounted for, in terms of contributions to four
accounts: National Economic Development (NED), Environmental Quality
(EQ), Social Well-Being (SWB), and Regional Development (RD). In re-
sponse to these requirements, WRAM provides for the grouping of variables

associated with each account. The impacts on each account are then in-

dependently predicted, assessed, and evaluated. This procedure enables

| the relative impacts of alternatives on individual accounts and signifi-

cant trade-offs between accounts to be identified and displayed.

-k

42. The four accounts and their major categories to be considered
for all water resources projects are shown in Table 4. Critical vari-
ables for Corps water resources planning applications are presented

for each of the four accounts in Tables 5-8. Critical variables are

AR IRETN: T PR R ol s u

those (a) specifically identified for coverage by Corps regulations 3
and/or (b) always impacted by water resources projects. Appendix C

presents pertinent information on some critical variables, including
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Table 4

Four Accounts for Water Resources Project Planning

National Economic Environmental Social Regional
Development Quality Well-Being Development
Project Efficiency Terrestrial Real Income Dis- Income Effects
(maximize net eco- tribution
nomic benefits) Aquatic Life, Health, and Employment
Safety
Air Educational, Cultural, | Population Distribution

Human Inter-
face

and Recreational
Opportunities
Emergency Prepared-
ness
Demographic Char-
acteristics
Community Organiza-
tion

Other

Economic Base and Stabili-
ty

Environmental Effects of
Regional Concern

Regional Effects on Edu~
cation, Culture, and Rec-
reation Opportunities

Table 5

Critical Variables Associated with NED Account*

I. Beneficial

A. 1Increased output
1. Flood control
2. Water supply (municipal and industrial)
3. Irrigation
4., Recreation
5. Navigation

6.
7. Power

Water quality

8. Fisheries production

9. Other

B. External economies
C. Value of output from unemployed or underemployed resources

II. Adverse

A. Value of construction and operation and maintenance

B. External diseconomies

* All categories to be measured in dollars.
should be employed.

No weighting of individual categories
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Table 6
Critical Variables Associated with EQ Account

II.

III.

Iv.

II.

ITI.

Iv.

Vike

II.

1T,

IIL.

Terrestrial
Habitat/Land Uses
A. Habitat type (Example: upland forest)
1. Habitat subtype (Example: pine forest)
(a) Quantity
(b) Quality
2. Habitat subtype
B. Habitat type
Land Quality/Soil Erosion
Critical Community Relationships
Threatened and/or Endangered Species
Pests
Aquatic

Habitat
A. Habitat type A
1. Habitat subtype Al
(a) Quantity
(b) Quality
2. Habitat subtype A2
B. Habitat type B

Water Quality
A. Physical

B. Chemical

C. Bacteriological

Water Quantity

Critical Community Relationships
Threatened and/or Endangered Species

Pests

Quality
A. Gases

B. Particulates
Climatology
Human Interface
Esthetic
Historical

Archeological

g BT

-




Table 7
Critical Variables Associated with SWB Account

I. Real Income Distribution
A. Income generated
B. Contributions

II. Life, Health, and Safety
A. Risk
B. Pathogens
C. Noxious effects

ITI. Educational, Cultural, and Recreational Opportunities

A. Amenities
B. Opportunities

IV. Emergency Preparedness
A. Resources
B. Spatial distribution

V. Demographic Characteristics
A. Population
B. Vital rates (migration)

VI, Community Organization
A. Cohesion
B. Employment mix
C. Displacement
VII. Noise

VIITI. Esthetic Values

Table 8

Critical Variables Associated with RD Account

II.

Iv.

VI.

Income Effects

A. Value of outputs

B. Value of underemployed or unemployed resources
C. VUser payments

D. Increases from induced or stemming activities

E. Increases from construction and operation and maintenance activities

F. Losses from displaced regional activities
G. Losses of assistance and welfare
H. Indirect increases in public expenditures

Employment

A. Long-term

B. Short-term

Population Distribution

A. Total population

B. Composition

Economic Base and Stability

Environmental Effects of Regional Concern

Regional Effects on Education, Cultural, and Recreational Opportunities
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indicators and elaboration of their meaning and measurement. The lists
of variables in Tables 5-8 and Appendix C are evolutionary and subject

to continuous updating based on subsequent legislation and/or regulations,
experience, and the development of additional impact prediction and as-
sessment techniques.

43. Critical variables should be addressed in every stage in the ]
planning process, even if only to indicate that they are not impacted. 1
It should be noted that these variables are subject to change as a re-
sult of new legislation, regulations, and expanding knowledge of the im-
pacts of water resources projects. Selection of the noncritical varia-
bles for use in an assessment should involve consideration of the

totality of the anticipated impacts. Such variables should be selected

based on the composite professional judgment of the interdisciplinary
team and the input of others who are knowledgeable and concerned about
resources, amenities, and problems of the area.

44. There are no specific guidelines regarding the number or type
of noncritical variables that must be addressed in an impact assessment.
However, several questions can be used to aid in selecting these varia-
bles:

a. Will any of the alternatives have an impact on the variable?

b. Will the variable exert an influence on construction
scheduling or subsequent operation of any alternative?

c. 1Is the variable a matter of significant public concern or
controversy?

d. Do certain cumulative-type impacts mandate inclusion of the
variable?

45. The weighting portion of the weighted rankings technique can
also be used by the interdisciplinary team to identify noncritical
variables for inclusion in the analysis. A list of potential noncritical
variables is prepared and subjected to the weighting procedure as de-
scribed in paragraph 28. The interdisciplinary team then compares each
variable with every other variable and assigns values.

46. The decision as to which variable is more important in each
pairwise comparison should be based on the collective professional

judgment of the interdisciplinary team. Information gained through
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public participation and coordination with other agencies should be a

major input into the decision process, particularly in determining
relevant variables for the study area. Interactive or cross-impact
variables can also be considered. Several iterations through the pair-
wise comparisons may be necessary to ensure consistency in the rationale
used in this application procedure. Documentation of the rationale for
each decision will be beneficial as the study progresses and evolves.
Following the development of the RIC's, the interdisciplinary team could
choose to include only the high-priority variables in the study, or they
could include all listed ones with less emphasis given to the low-priority
variables.

47. Environmental inventory. Compiling baseline information on

assessment variables is necessary to form a basis for impact assessment.
Sufficient information is required to provide decisionmakers and re-~
viewers an understanding of planning needs, pertinent area character-
istics, and relevant variables for consideration in plan formulation and
later impact assessment and evaluation.

48. During the plan-of-study stage (Stage 1) of the planning
process, assembling baseline information should enable a gross appraisal
of the study area. It is anticipated that both the number of variables
and the baseline information assembled would increase as progression is
made through Stages 2 and 3. The weighting portion of the weighted
rankings technique could be used during each stage to assist in determin-
ing which variables should be added or deleted.

49. During each stage of the planning process, it is necessary to
identify data deficiencies and determine if a data-gathering program
needs to be initiated to establish or refine baseline information. The
weighting portion of the weighted rankings technique can also be used
to allocate limited manpower and monetary resources to those variables
for which data should be collected. An example of using the technique
for this purpose is presented in Table 9. In the case illustrated in
Table 9, Q dollars are available for baseline studies and are to be
allocated to five variables. As was the case for the example in

paragraph 28, a dummy variable (V6) is included to preclude the final
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assignment of an RIC of zero to any variable. As was done in the example

™ .,..W i

in paragraph 28, pairwise comparisons are used to determine the RIC's.
The RIC values, when multiplied by Q dollars, would yield a possible al-

location of monetary resources to baseline studies for variables V1-V5,

if data-collection costs are comparable. For example, V1 would be al-
located 0.20 Q dollars, V2 would be allocated 0.33 Q dollars, and so on.

50. Table 9 also illustrates how relative data-collection costs
can be incorporated into the monetary allocation process. A column is
included to show relative costs for baseline studies for each variable.
In this example, baseline studies for V3 would be the most expensive,

while those for V1 and V5 would be the least expensive. Multiplying

e e W Ah

these relative costs by the RIC's and proportioning the results yields
cost-weighted RIC values. If these cost-weighted RIC's are multiplied

by Q dollars, another possible allocation of monetary resources is ob-

"

Ll

tained. If this calculation is performed, V1 would be allocated 0.11 Q
dollars, V2 would be allocated 0.36 Q dollars, and so on. Again,

documentation of all rationale will be useful as the study progresses

and evolves.

51. The allocations as determined by cost-weighted RIC's could be

modified by considering interrelationships among variables and timing of

i sk il i PN

data-collection efforts. Although this approach requires additional
professional judgment, systematic use of the weighting portion of the
weighted rankings technique provides the interdisciplinary team and the

study management staff an analytical framework for allocating limited

resources.

Impact prediction, assess-—
ment, and evaluation

52. WRAM includes prediction and assessment of the changes of

e A s M i
R

each alternative on each variable, and assessment of the implications

of these predicted impacts. Assessment involves importance weighting

SR S L N

of variables and scaling of impacts. Evaluation includes multiplication

s ABARETN:

of scaled values by RIC's for each variable, and aggregation and pro-
fessional interpretation of the results. Both objective and subjective

activities are involved in impact prediction, assessment, and evaluation.

36
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3. Prediction and delineation. Impact matrices and networks are

useful for identifying and displaying potential impacts of alternatives.
Qualitative descriptions of impacts have been prepared for reservoirs
(Battelle~Columbus Laboratories 1974a, U. S. Environmental Protection
Agency 1976a), channelization projects (U. S. Environmental Protection
Agency 1976b), and dredged material disposal (Battelle-Columbus Labora-
tories 1974b). Defining interrelationships among impacted variables is
presently very difficult. In addition, precise delineations of second~-
ary impacts are generally not available.

54. The most difficult task associated with impact assessment is
the prediction of impact magnitude. Prediction in this context is the
attempt to quantify the changes that will occur in variables. Prediction
involves use of currently available predictive models (physical and
mathematical) and the professional judgment of the interdisciplinary
team. Quantitative predictive techniques are available for some varia-
bles. For example, the impact prediction techniques described in the
Battelle Water Resources Projects method (Battelle-Columbus Laboratory
1974a) and the Battelle Dredging Impact Assessment method (Battelle-
Columbus Laboratories 1974b) are primarily related to quantifying changes
in various physical, chemical, and bacteriological variables of water
quality. For variables that have no scientifically based predictive
techniques, the exercise of sound professional judgment by the inter-
disciplinary team is critical for impact prediction. Development of
additional predictive techniques is considered to be beyond the scope of
this study.

55. Regardless of whether objective prediction techniques or sub-
jective judgments are used to predict impacts, the interdisciplinary
team must be cognizant of the accuracy of the results. Predictions of
impacts will always have risk and uncertainty, and the interdisciplinary
team must consider these in all eventval trade-off analyses.

56. Other considerati s in impact delineation are related to
type of effect, location, timing, duration, probability, and reversi-
bility. These are defined as follows:

a. Type of effect. Type I effects are direct, unavoidable

3
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consequences of alternative plans and the no-action alterna-
tive. 1lype II impacts are consequences directly related to
the intended output of alternative plans. Type III impacts
include related induced consequences (ER 1105~2-440).

|o

Location. The location is the area expected to be affected
by the plan, whether within the planning area, the remainder
of the study area, a larger area affected by the plan, or
the rest of the Nation.

c. Timing. The timing is the period during which the impact
is expected to occur,

d. Duration. The duration is the length of time the impact
will affect the location. Short duration is 1-10 yr, while
long duration is 10 yr and beyond.

e. Probability. Probability is a numerical expression, not

necessarily mathematically computed, that represents
technical knowledge and professional judgment as to the
likelihood of occurrence.

f. Reversibility. The impact is irreversible or reversible.

57. Weighting and scaling. Two requirements must be met before an

impact assessment can be completed. First, RIC's must be assigned to
each assessment variable used; secondly, the impacts of the alternatives
on each variable must be scaled.

58. The weighting portion of the weighted rankings technique is
used in WRAM for the purpose of assigning importance weights to varia-
bles. An example of the assignment of RIC's was presented in para-
graph 28. The number of assessment variables will probably change during
the planning process as increased information becomes available and as
new plans are formulated. For example, the number of variables used in
Stage 1 will most likely be fewer than the number used in Stages 2 and 3.
In addition, the quantity and quality of baseline data and predicted
changes will be refined during the planning process. Accordingly, it
may be necessary to adjust the RIC's for assessment variables during the
planning process.

59. In order to assign importance weights through use of the
weighted rankings technique, it is necessary to make the initial al-
location among the broad categories within a given account; for example,
among the terrestrial, aquatic, air, and human interface categories

within the EQ account. A second allocation would be made to the
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subcategories within each category, for example, between air quality and
climatology in the air category. Additional allocations would be to
individual variables.

60. Impact scaling can be accomplished by one of three approaches:
(1) use of the scaling portion of weighted rankings technique (presented
in Table 2); (2) use of functional curves and proportioning of resulting
scaled impacts; and (3) use of linear scaling and proportioning of re~
sulting scaled impacts. An example presented in Appendix D illustrates
the mechanics of scaling and weighting.

61. Figure 4 illustrates the use of functional curves for scaling.
The range of potential values (a to b) for the Variable M is shown on the

X-axis. The Y-axis values range from O, which is representative of the

Y
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VALUE OF VARIABLE, M

Figure 4. Concept of scaling
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least desirable quality, to 1, which is representative of the most de-
sirable quality. The functional relationship depicted between a varia-
ble and the quality index is based on technical evidence and/or the col-
lective professional judgment of the interdisciplinary team. Functional
curves such as the one shown in Figure 4 would be used to determine the
quality index for the current conditions of the variable and predicted
conditions resulting from the alternatives. For example, for the values
of the variable shown in Figure 4, the quality index for each alterna-

tive is illustrated in the following tabulation.

Condition or Variable Quality
Alternative Measurement Index Proportioning | ACC*
Baseline 0.3 (b-a) 0.4 - -
No action 0.2 0.3 0.3/2.5 012
A 0.7 0.9 0.9/2.5 0.36
B 0.3 0.4 0.4/2.5 0.16
C 0.5 0.7 0.7/2.5 0.28
D 0.1 | 02 0:2/2<5 0.08
Total 2.5%% 1.00

* To maintain comparability, ACC values must sum to unity.
*% Excludes baseline condition.

62. The straight line in Figure 4 represents a straight-line
functional relationship. Functional relationships can be represented by
continuous functions (Figure 5a), discontinuous or step functions
(Figure 5b), threshold functions (Figure 5c), or optimum area curves
(Figure 5d). Examples of functional relationships for several assess-
ment variables are also shown in Appendix C. A few functional relation-
ships shown in Appendix C can be used directly. However, most will re-
quire modification by the interdisciplinary team to reflect regional or
area differences. Documentation of the rationale for any changes should
be developed during the planning process. If variables are used for
which no function graphs exist, the interdisciplinary team can develop

function graphs through use of laboratory or field testing, literature

40

e -lv..cu\v-n g SRR . . L -w-w-—vr.-'nv»'fj




e G e e

et

Lo AEARETN VT PAL RO ol s AW i .

* S———

QUALITY INDEX

QUALITY INDEX

r_ 1.0 r
X
w
6]
Z
T— > 0.5 —
=
3]
¢
=
Q .
> o] —
VALUE OF VARIABLE VALUE OF VARIABLE
a. CONTINUOUS FUNCTION b. DISCONTINUOUS FUNCTION
OR STEP FUNCTION
1.0 F
X
w
o
z
— > 0.5 |
(=
3
<
3
g
L 0 -
VALUE OF VARIABLE VALUE OF VARIABLE
c. THRESHOLD FUNCTION d. OPTIMUM AREA CURVE

Figure 5. TIllustration of types of functional relationships
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reviews, and professional judgment.

63. Another technique of scaling the impacts of alternatives on a
variable is to use linear scaling between the largest and smallest im-
pacts. An example using this technique is shown in the following tabula-
tion. Quantitative information on impacts is necessary for linear
scaling. In the tabulation, the impacts are scaled by proportioning be-
tweer. the most beneficial alternative (Plan A) and the most detrimental

one (Plan C).

-
Variable

Alternative | Measurement* Assignment of Index Value** Proportioning | ACCt
No action -1000 [-1000 - (-3000)]/8000 = 0.25 0.25/1.63 0.16
A +5000 [5000 - (-3000)]/8000 = 1.00 1.00/1.63 0.61
B No change (0 - (-3000)]/8000 = 0.38 0.38/1.63 0.23
C -3000 [-3000 - (3000))/8000 = 0.00 0.00/1.63 0.00
Total 1.63 1.100

* For example, predicted change in acres of desirable habitat.

Variable Measurement - Minimum Variable Measurement
Range between Max and Min Variable Measurements

T To maintain compatibility, ACC values must sum to unity.

** Assignment of Index Values =

PSPPSR ST T

64. Evaluation and interpretation of results. The final WRAM

activity in weighting and scaling involves the development of a final
coefficient matrix. The features of this matrix were described in
paragraph 33. It should be noted that even though this methodology in-
volves the use of a numerical system for both weighting and scaling,

there is no intrinsic passing or failing score. The numerical informa-

tion in the final coefficient matrix must be subjected to professional
analysis and interpretation by the interdisciplinary team.

65. It is also possible to use the weighted rankings technique

T
PAR il A ko

for comparative evaluation of the four major accounts. This would in-

volve assigning importance weights (RIC's) to the four accounts and

R TE™N

scaling each alternative relative to each of the accounts. An example

using the weighted rankings technique is presented in Tables 10-12.

Table 10 shows RIC's for the alternatives relative to the EQ, NED, SWB,

42
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and RD accounts. Table 11 shows impact information for the four major
accounts. These values were developed based on consideration of the EQ
and NED accounts as having equal importance, and the SWB and RD accounts
as having equal importance but less than the EQ or NED accounts.

Table 12 presents the ACC's for each account derived from the information
in Table 11 using weighted rankings (the ACC's could also be derived by
linear proportioning of the scores from each account's final coefficient
matrix). The following is the final coefficient matrix based on

Tables 10-12. In this example, the no-action alternative is the most

desirable alternative, followed by Plan C.

Final Coefficient Matrix
ACC of Plan of Elgg, RIC x ACC
No No
Account RIC Action A B [ Action A

EQ 0.35 0.50 0.0 0.3310.127 0.18 0.00({0.11 { 0.06
NED 0535 0.33 0.50| 0.00({0.17 0.11 0.18(0.00 | 0.06
SWB 0.15 0.17 0.33| 0.00|0.50 0.02 0.05{0.00 | 0.08
RD (93 15 0.33 0.00{ 0.17}0.50 0.05 0.00]0.02 | 0.08
Total 0.36 0.23{0.13{ 0.28

Documentation of results

66. The final component in WRAM is documentation of the analysis.
Documentation involves describing the rationale used to select the
variables considered in the three planning stages, identify and predict
impacts, and assign importance weights to variables and scale impacts.
This documentation also needs to address limitations in the process as
well as the uncertainties associated with impact prediction. It is
important to specify the scaling technique used for each variable,
particularly if an existing functional curve is modified or a new re-
lationship developed.

67. Documentation of the analysis should include proper refer-
encing. Lack of referencing may form the basis for criticisms of an
analysis that has been accomplished. In conjunction with referencing,

it may be desirable to identify general references and specific sources
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Table 10

RIC's for Four Accounts¥*

Account Assignment of Importance Sum | RIC
EQ (540 1 1 3.5| 0.35
NED 0.5 1 3.5 0.35
SWB 0 0 0.5 | 1 155500, 15
RD 0 0 0.5 1.5 015

Dummy 0 0 0 0

Total 10 1.00

* The values developed were based on the WES team's interpretation of
philosophy of Principles and Standards; i.e., considering EQ and NED

of equal importance, and SWB and RD of equal importance but less
important than EQ or NED.

Table 11

Impact Information for Comparison

of Alternatives

Alternative
Account No Action Plan A Plan B Plan C
EQ Most Most Beneficial Adverse
beneficial adverse
NED Beneficial Most Most Adverse
beneficial adverse
SWR Adverse Beneficial Most Most
adverse beneficial
RD Beneficial Most Adverse Most
adverse beneficial
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Table 12

ACC's for Four Accounts

| Account | Alternative Assignment of Value Sum | ACC

: EQ No Action 1 1 1 3 0.50

g A 0 0 0 0 |0.00

| B 0 1 1 2 0.33

¢ @ 0 1 0 i O

; Total | 6 | 1.00

3

*

)

$

d NED No Action 0 1 1l 2 0.33

§ A 1 il 1 3 |0.50

i B 0 0 0 0 0.00

d C 0 0 1 i 0.17

: Total 6 1.00

é

}

i SWB No Action 0 1 0 1 017

3 A 1 1 0 2 0.33

i B 0 0 0 0 0.00 :
! ¢ 1 1 i 3 | 0.50 1
4 Total 6 1.00

]

1 RD No Action & 1 4] 2 0.33

] A 0 0 0 0 0.00

i B 0 3| 0 1 0.17

i (@ 1 1 1L 3 0.50 4
!

3 Total 6 1.00
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of information. Detailed information should appropriately be included
in appendixes along with specific impact calculations, with only summary
tables included in the text.

68. An important use of the documentation of the analysis is the
determination of whether an environmental impact statement is required,
as well as to supply information for potential use in other documents :
that may be associated with the study (e.g., environmental assessment

report, survey report, and general design memorandum).
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PART IV: CONCLUSIONS AND RECOMMENDATIONS

Conclusions

69. A review of 54 impact assessment methodologies revealed that
none are sufficiently comprehensive for or directly applicable to Corps
water resources projects and programs. However, salient features con-
tained in eight of the methodologies were considered pertinent for in-
clusion in WRAM. The concept of weighting impacted variables and scaling
the impacts of alternatives is particularly appropriate since a major
difficulty in assessment is an inability to evaluate impacts on a
comparable basis. Through the use of weighting and scaling (weighted
ranking technique), an interdisciplinary team cognizant of the study area
needs, planning objectives, and public preferences can assess variables
and evaluate alternatives on a comparable basis.

70. Limitations in the state of the art of impact assessment are

reflected in WRAM. Primary limitations include identification of inter-

relationships between environmental variables, delineation of secondary
and tertiary effects, and prediction of impact magnitude. Additional
research on the development of functional graphs and on techniques for
predicting changes in variables and impacts of alternatives is required.
The dynamic character of WRAM will allow the incorporation of new infor-
mation and technology as it becomes available. Considerable research
and development will be required to develop predictive models for vari-
ables that must be considered in impact assessment and more specific
techniques that address secondary, tertiary, and cumulative impacts.
These areas will be investigated in research studies to be conducted
over the next four years.

71. In contrast to the limitations described above, WRAM has the

following advantages:

a. Addresses the requirements of Principles and Standards to

consider two national objectives, NED and EQ, and to dis-
play beneficial and adverse effects of each plan relative
to four accounts, i.e., NED, EQ, RD, and SWB.
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b. Provides a framework that assists the decisionmaking pro-
cess based on professional judgment supported by available
data, recognizing that decisions must often be mide without
complete information.

¢. Incorporates an interdisciplinary approach for the identi-
fication, assessment, and evaluation process.

d. Provides a framework for screening variables, identifying
data needs, and allocating limited planning resources.

e. Allows for various levels of detail to be used and deci-
sions made, during the stages in the planning process.

Recommendations

72. Because this is an interim report, the purpose of the recom-
dations is to identify the following research areas that require further
development, testing, and evaluation:

a. WRAM should be field tested on several types of water
resources projects.

b. A statistical package for testing the significance of the
differences between the weighted-scaled values for alterna-
tives should be developed.

c. A computer program for use of the weighted rankings tech-
nique should be developed.

d. A training course based on WRAM should be presented to
District personnel prior to their use of WRAM.
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Statutes

Fish and Wildlife Coordination Act of 1958 (Pub. L. 85-624),
as amended (16 U.S.C. 661 et seq.), 12 August 1958.

Clean Air Act of 1963 (Pub. L. 88-206), as amended (42 U.S.C.
1857 et seq.), June 1974,

Wild and Scenic Rivers Acts of 1968 (Pub. L. 90-542), 2 October
1968.

Federal Water Project Recreation Act of 1965 (Pub. L. 89-72),
as amended (16 U.S.C. 668aa-668ee), 9 July 1965.

National Environmental Policy Act of 1969 (Pub. L. 91-190,
83 Stat. 852, 42 U.S.C. 4221 et seq.), 1 January 1970, referred
to as NEPA.

Sections 122 and 209, River and Harbor and Flood Control Act of
1970, Public Law 91-611 (84 Stat. 1818), 31 December 1970.

Sections 402 and 404, Federal Water Pollution Control Act Amend-
ments of 1972, Public Law 92-500 (66 Stat. 816), 18 October 1972.

Section 103, Marine Protection, Research, and Sanctuaries Act of
1972, Public Law 92-532 (86 Stat. 1052), 23 October 1972.

Title III - Management of the Coastal Zone, Public Law 92-583
(86 Stat. 1280), 27 October 1972.

Endangered Species Act of 1973, Public Law 93-205 (87 Stat. 884),
28 December 1973.

Sections 1 and 73, Water Resources Development Act of 1974, Public
Law 93-251 (88 Stat. 12), 7 March 1974.

Preservation of Historic and Archeological Data, Public Law 93-291
(88 Stat. 174), Reservoir Salvage Act of 1960, amending Public Law
86-523 (74 Stat. 220), 24 May 1974.

Executive Guidelines

Executive Order 11514, Protection and Enhancement of Environ-
mental Quality, 5 March 1970 (35 F.R. 4247, 7 March 1970).

Guidelines for Statements on Proposed Federal Actions Affecting
the Environment, Council on Environmental Quality (CEQ), 1 August
L3731 (38 EJR: 20550)

Water and Related Land Resources; Establishment of Principles and
Standards for Planning, Water Resources Council (WRC), 10 September
1973 (38 F.R. 24778 to 24869).
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Corps of Engineers Regulations

ER 1165-2~2, Consideration of Aesthetic Values in Water Resource
Development, Change 1, 6 March 1967.

ER 1165-2~116, Pollution Control at Civil Works Projects,
28 February 1968.

ER 1165-2-400, Recreation Planning, Development and Management
Policies, 3 August 1970.

ER 1165-2-500, Environmental Guidelines for the Civil Works
Program of the Corps of Engineers, 30 November 1970.

ER 1130-2-400, Recreation-Resource Management of Civil Works Water
Resource Projects, Changes 1 through 3, 28 May 1971.

ER 1105-2-11, Preservation, Restoration, and Administration of
Historic and Cultural Environment, Change 1, 15 March 1972 (pro-
posed revision, 40 F.R. 41636, 8 September 1975).

ER 1105-2-12, Archeological Investigations and Salvage Activities,
15 May 1972 (proposed revision, 40 F.R. 41636, 8 September 1975).

ER 1105-2-13, Aquatic Plant Control Programs, 31 May 1972.
ER 1105-2-502, Public Meetings (33 CFR 209.405), 4 December 1972.

ER 1105-2-105, Guidelines for Assessment of Economic, Social, and
Environmental Effects of Civil Works Projects, 15 December 1972.

ER 1105-2-129, Preservation and Enhancement of Fish and Wildlife
Resources, 15 August 1973.

ER 1105-2-509, Statement of Findings on Impacts of Civil Works
Actions, 9 October 1973.

ER 1130-2-407, Operating and Testing Potable Water Systems,
18 January 1974,

ER 1105-2-507, Preparation and Coordination of Environmental State-
ments (33 CFR 209.410), 15 April 1974.

ER 1105-2-508, Review of Environmental Impact Statements Prepared
by Other Agencies, 6 May 1974.

ER 1130-2-405, Use of Off-Road Vehicles on Civil Works Projects,
17 January 1974.

ER 1105-2-14, Framework and River Basin Study Programs (Level A
and Level B Studies), 28 July 1975.

ER 1105-2-200, Planning Process: Multiobjective Planning Framework
(33 CFR 290), 10 November 1975.

ER 1105-2-210, Planning Processes: Plan Development Stages
(33 CFR 291), 10 November 1975.
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24,
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26.
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28.

ER 1105~2-220, Planning Processes: Problem Identification (Task 1)
(33 CFR 292), 10 November 1975.

ER 1105-2-230, Planning Processes: Formulation of Alternatives
(Task 2) (33 CFR 293), 10 November 1975.

ER 1105-2-240, Planning Processes: Impact Assessment (Task 3)
(33 CFR 294), 10 November 1975.

ER 1105-2-250, Planning Processes: Evaluation (Task 4)
(33 CFR 295), 10 November 1975.

ER 1105-2-921, Feasibility Reports: System of Accounts
(33 CFR 393), 10 November 1975.

ER 1105-2-421, Environmental Considerations: Inventories and
Monitoring, December 1976.

ER 1105-2-430, Environmental Considerations: Formulation of
Alternatives, December 1976.

ER 1105-2-440, Environmental Considerations: Impact Assessment
Alternative Plans, December 1976.

ER 1105-2-450, Environmental Considerations: Evaluation of Al-~
ternative Plans, December 1976.
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APPENDIX B: METHODOLOGIES INITIALLY SCREENED TO DETERMINE
THEIR POTENTIAL USE IN WATER RESOURCES PLANNING
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Evaluation Factors

Nineteen evaluation factors or selection criteria were used to
screen the various impact methodologies listed in this appendix. These

factors, stated in the form of questions, follow:

Does it identify environmental items?
Does it identify potential impacts?
Does it tell how to measure impacts?

Is it able to predict potential impacts (short-term and long-
term) ?

Can it interpret the impacts?
Is it responsive to Corps environmental guidelines?

Is it practical for use in routine field cases (i.e., cost,
ease of manipulation, data requirements)?

Is there flexibility built in the system so that it can be
used for different types of projects (i. e., construction,
operation and maintenance, flood control, etc.)?

Is the system reliable?
Does it highlight major or key issues?

Does it tell how to determine predicted change or impact
(i.e., scale or magnitude)?

How applicable is the methodology to projects of widely dif-
ferent scale?

Is there potential for public involvement?

What is the degree of objectivity versus subjectivity?
Does it display trade-offs?

What are the attractive features for Corps projects?
What special skills are required of users of the method?
What are the limitations of the methodology?

Are examples available that document its successful use?
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